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BTopaii MexAyHapOAHan KOH^epemina 
OpraHH3anHH 06ieAHHeHHbix Hau,HH 
Vj no npHM6H6HHH) 3TOMHOK SHOprHH 
B MHpHbIX Ae/lflX 


J 

A/CONi'/l 5/P/2210 
USSR 

ORIGINAL: RUSSIAN 



He nofl/icWMi or/iauicHHio flo (xJmuMa/ibHoro coofimeiiMH na KonificpcHUHii 


25 YEAR RE-REVIEW 


TEIIJIOOEMEH nPK TE^E HHM SUKOrO METAJIJIA B 
TPYBAX 

U.C.KyTaTe/ia l n3e, B.M.CyddoiHH, B.M.BopMniaHCKMii, 
n.JI.KHpHJIJLOB 

I. Pacuei TferuioodueHa b kmukhx MeTaMax 
Ha ocKOBaHHH no^yaMimpuMecKoa TeopnH 
TypdyAeHTHOcm 

B HacTOHiueM ^oK^a^e M3JiaraioTCfl padoiH, KOioptie npoBe^eHH b 
C cBeicKOM CoH33e no M3yueHHB TeruioodMeHa k hm^khu MeiannaM 3 a noc- 
jieflHHe rofln. 3 th padoin hbmkjtch ^anmeiiuiMM pa 3 BHTneM rex, HaciB 
peayABTaiOB kotophx dtnia ^OAoaceHa Ha XeHeBcicofi KOHipepeHnmi I95U ro 
(I). 

.Ym.uk we MeTOAAiH odpa3yioT ocodNii Knacc TeruioHociiTenePi, xapaKTe- 
pM3y GMHil BeCLMa uanoii BeAHUMHOii OTHOlIieUMfl KMHeMaTHHeCKOM BH 3 K 0 CTII 
k TewnepaTyponpoBO^HOCTH ( jyia km^khx meTannoB mmcas ripaiuTJifl cy- 
mecTBeHHO MeHBine eAMHHUu). B cbh3h c bthm MoneKynBpHHfi nepeHOc 
Teima HMeei cyrnecTBeHHoe 3naweHne He toabko b npHcrenHou cAoe, ho 
m b TypdyAeHTHoro noToxa MeTaAJinuecKOM xjukocth. B pe3yABTa- 
ie 3Toro 3aKOHOMepnocTM, ycTaHOBneHHBie rjir ra30B m HeueTaAAHHecKiix 
KMflKOCTeri, B ^aHHOM CJiyuae 0Ka3bIBaK)TCH He ^eMCTBUTeABHUMM, UTO 
BnepBHe OKcnepMueHiajibHO Onao noica3aH0 b padoTax (2 ; 3 ; 4*). IlepBHM 
TeopenmeciCHfi pacneT TenAOOT^auH npn TypoyjieHTHOM TeueHMM kmakopo 
M eTaoa b KpyrAofi xpyde daji Bbino.iHeH b padoxe (5). B .nanbueiliiieM 
(6) b 3tot pacuer dbuiH BKeceHH HeKoxopae ycoBepiueHCTBOBaHMa n BBe- 
^eHO y^odHoe MHTerpajiBHoe cooTHouieiine am uncjia HyccentTa npM 
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nociHHHOM TenjioBou noioKe ^epe3 cxemcy ipydH. npiiHHnnna;iBHbie no/io~ 
KeHHH '3THX padOT He BHXO.HMH 33 pQMKM H3BGCTHHX riOJIOJJCeHKil IlOJiyOM- 
nwpimecKofi TeopHH TypdyjieHTHocni, iaic xax b hmx rio;iara;iocB, hto 
oTHOuieHHe HHTeHCHBHocTeii TypdyjieHTHux nepeHocoB KOJiimecTBa ^BMie- 
HHfl H TeilJIOTH OCTaeTCfl (5JIM3KMM K e^HHHUe. y HMTHB8JiaCB JIHIIIB C0H3Me- 

PHMOCTB MOJieKyjiflpHoro h TypdyjieHTHoro nepeHocoB TenjioTM b ajpe no- 
TOKa. 

B paooie (7) dfclJIM BH,HBMHyTH COOdpaJCeHHfl, no KOTOpHM HHTeHCMB- 
hoctb TypdyjieHTHoro nepeHoca TenjioTH MoseT Ohtb cymecTBeHiio Mem>- 
inew, neM HHiencHBHOciB TypdyjieHTHoro nepeHoca KOJinnecTBa .OBUseHHA. 
B ^antHeiiiiieM, He ckojibko unane, 3Ta tohk 8 spenufl dnjia H3JioaceHa b 
padoTe (8). 

AHaos MGTO.HOM pa3MepeHH0CTeii noKa3HBaeT, mo Koo^xpumieHT ne- 
no^odHH TypdyjieHTHoro nepeHoca KOJiimecTBa TenjioiH h .pmseHMfi 33 bh- 
CHT OT HHCJia IIpaH^TM H Oe3pa3MepHHX pacCTOHHMii OT CTeHKH (II ; 15) 

N 


npH 3 TOM 


€ ~ £ $ x ’V’k) 


A T* Mj 

7 = £Pty 

A yU 


1*1 


B nepBOM npHdnMKeHHH: 




/3/ 


M3MepeHnn pacnpe^ejieHua cicopocTefi b rypdyjieHTHOM noToice piyiii 
(2 ,9,10) noKa3ajin, hto uexaHH3M TypdyjieHTHoro nepeHoca KOJinnecTBa 
^BMKeHHH B MeTaJIJIHHeCMX M HeMeTaJIJIHHeCKHX 2CH^K0CTHX OAMHaKOB. 

M3MepeHna TeMnepaiypHHx nojieK b noToxe pxy th Ohjih BtinojiHeHBi 
b padoTax (9,10). C M3Bec thum npndjinj£eHneM pe3yjiBTain sthx oiihtob 
(10) MoryT Ohtl BHpasceHH cJieAyBmeH (JiopMyjioft, bm^ kotopoh BHdpaH 
Ha OCHOBe HeCKOJIBKO yTOMHeilHOS CXeMH,H3JIOSeHHOfi B (7). 

i —\ 

j hi 


£ = 0 , 0322 ^ (i-e °' 032 ^ 
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CUHaico H3Mepennfl, nponsBe^eHHBie KupnooBtiM, CyddoTHHHM, CyBo- 
POBHU M TpOflHOBHM C TlBaXeJIBHO OWmeHHHM CnflaBOM HaipHfl C Ka/mei/I, 
^a/iH flOBOJiLiio 0jiH3Koe GOBnaAeHMe n3MGpe hhbix TeunepaTypHBix no^eii o 
pacyeiaMH no (6) (npn £ =1) h hgckojibko dojiee xyjuuee c pacneTaMM 
no (5) (puc. I). OneBH^HO, hto HMeioinnxcn .naHHBix b Hacxoflinee BpeMB 
He^ocTaroquo Toro, MTodBi Ha^eacuo peiMTB Bonpoc o cooTHOiueHHH 

£- yy- J[M KM^KHX MeTaMOB, 

ripefle^LHue (MHHHuajiBHtie) 3HaHeHHfl nnc^a HyccejiBia jyia xypdy- 
nenTHoro noTOKa b xpyde HMeiox Mecxo npn qncjie Px =0. CooTBeicTBy d- 
nwe 3naMe hub ana ycaoBM t ur = con.it , paccmiTaHHBie b (12), 

h fljia ycnoBM , paccnuTanHBie b (13), npnBe^eHH b 

cne^yioiiield Tad/nme; 

3HaweHUfl micaa — npu Px =0 b odaacin rn^po^nHaMH— 
necicoii n xeimoBofi cxadMiisauuM 


II 

qj 

O' 

wB 

V 

IO 4 

3 IO 4 

IO 5 

IO 6 


COKl.lt 

5,05 

5,24 

5,43 

5,5 

A 

(j w .= const 

6,8 

6,8 

6,8 

7,1 


Pac^eTBi, BBino^iHeHHHo JleBMMeM, Kyxaiejia.pe, HsamenKO 11 3adaoij- 
Kofi no npMBOflHMOli Hnae cxewe, noxasaJin, mo pa,n xapaicTepucTHK xen- 
aoodMena b jkh^khx MeTa;i;iax MOBceT c3bitb BHHMCJieH b paMKax oObimhok 
no^y3MnnpHMecKOti xeopnn TypdyjieHTHOcTii de3 npe,papiiTe;iBHBix 3HaHMii 
BejDOTHH <£. npn 3 tom, ojiHaico, HeodxoAMMO ynecTb pa3Jinmie to^IuHH 
cnoeB c npeod/ia^aHHeM MOJieKynapHoM bh3kocth m MOJieKyaapHoii Tenno- 
npOBOjlHOCTU. 

Flo ^Byxc^oiiHOii cxeue xypdyjienTHBiM noTOK .neaHxca Ha c^om c adco 
jiicthkm npeod^a^anMeM MOJieKyjiapHoro nepeaoca (jiUHaMn^eciuin no^cnon, 
b KoxopoM npe^noJiaraeTcfl to;ib.i;;o MoaeKyanpHaa bh 3 koctb> j Tenaosoii 
no,nc/ioii, b KoxopoM npe^nojiaraeTCfi tojibko MoaeicyaapHafl TenjionpoEo,n- 
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hoctb) m fl,npo c adconioTHUM npeodaa.ua unei* TypdyaeHTHoro nepeHoca. 
nopajtOK tojiihhh caoeB c MoneKyaapHUM nepeHocoM onpe^eafleTcn (popuy- 
aaMH 

,/6/ 


D 1 v* 


U 


IT 


a_ 


IV 


IIocKoatKy npn =1 HMeei MecTo no^odwe TeMnepaTypHHX n cko- 
pocTHtix noaen, to MHoacnieaB nponopruaoHaflBHOCTM b othx ajopwyaax 
o^hh h tot le. C flocTaioMHOii tomhoctbio moiho npHHflTB jyia Hero Bean- 
qnHy 11,7. 

CoraacHO paccMarpiiBaeMoM cxeMe npn tj., T = R c , T.e. Kora;a 
ToamHHa TeiuiOBoro no^c^oa pacnpocxpaHaexcfl Ha Bee ceneHne xpydu, 
HHieHCHBHOCTB c Ta tou3HpoBaHHOM TenaooT^aMM onpe^eaaeTca tobbko 
MoaeKyaapHofi TenaonpoBOflHocTLK). 

CooTueTCTByioinee npe^eaBnoe 3HaMeHMe ^wcaa IleKae onpeaeanicfl 
$opuyaoii 




H, COOTBeTCTBeHHO 

Pe^ 

Caea;oBaTeaBHO, 

npn Pe <Pe< , Nu=Mm W uv. 

/ 9 y 

npn Pe>Pe 1 , Nu^NUwuru 

Dth cooTHomeHM cnpaBea^iHBH npn pa3BHT0M TypdyaeHTHOti Tene- 
hhh, T.e. npn ^Hcjiax PeiiHoaB^ca doaBiiuix, no KpaftHeft uepe 5*I0 3 . 

B cae,nyiomeii Tadaime npHBe^eHH npe^eatHHe 3HaneHHn wcea IleKae, 
HMse KOToptix BawaHHeM TypdyaeHTHoro nepewoca Ha TenaooXna^y b 
xpydax npamiHecKH mosho npeHedpe^B. 
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Re 

0 , 5 -I 0 4 

I* IO 4 

5 * IO 4 

Pe^ 

3 , 4 ‘IQ 2 

3,7. IO 2 

4 , 5 -IQ 2 


Ha puc. 2 HaHeceHH pe3yjn>xaTbi yica3aHHLtx b tune pacqexoB npn hmc- 
Jiax IIpaH^TJifl ot 0,005 #0 0 , 030 , T.e. jsjw 3HaqeHMft, xapaKTepHBix 
Ana MeTaji;ios. 

IIpn 3 T 0 M no^arajiocL, mo b odjiacTM 0 <tJ<y lT A = 0 ; a b 
odJiacTH y ir <y< R 0 T 

A t = Q,H (jcpi^ V* 

KaK h b .npymx pacneiax (5, 13) B;iMBHMe qwc/ia Pa- , b yKa3aH- 
HOM OdJiaCTM GTO 3HaweHHfi, Ha 3aBHCHM0CTB Nu OT Pg BSCBUa c/ia- 
doc h Mepe3 pac^eTHbie tomkh mmho npoBecTH o,HHy ocpe,nHHK)myio jih - 

HH10, 

Ha pwc. 3 npHBe^eHH pe3yjiBTaTti pacweiOB no cxeiae c nepeueHHHu 
3HaneHneM £ . B otom cjiynae Typdy/teHTHHii nepeKOc xenjia yqMTUBa;ica 
b cooTBeicTBHH c (JopMyjiaMH /2/ h /4/, HanMHan co 3 HayeHHfl 
ConocxaB^eHHe ocpe,nHHioimix kphbbix noKa3tiBaeT BectMa y^oBJiexBopHxejiB- 
Hoe cor^acwe hx Apyr c .npyroM. OxcD^a bm^ho, mo npuHiwnHajiBHoro 
npoxMBopewHfi Mexyty .nByua paccMoxpeHHHMM pacnexHLMM cxenaMH He cy- 
mecxByex. 

IIpHBe^eHHBie pacHem noKa3BiBaiox, mo h b odjiacxn BecLua uajiBix 
Mticen Px HHTerpa^BHBie xapaKiepiiciHKM npouecca Ten;ionepe^aHH 
BnojiHe y,noBJieTBopHTe;iBHO bhwhcjihiotch nyxeii pa3^e^eHMB ncTOKa Ha 
^Be odjiaciM c pasjnmHHivin MexaHMsuaMK nepeHoca TenBu. npM sxou b 
A aHHOM Mexo,ne oxcyTCTByex HeoCxo^HMOcxB b CBe^eHMBX 0 HenpepbiBHoi,: - 
H3MeneHM oiptpeKTMBHoro K03$c)HLiMeHTa Typdy^enTHoii Ten^onpoBO^HOciM 
no ceneHMio noToica. O^ieBnuHO, qxo 3xox npnew cnpaBe^MB m npM pac~ 
nexe xenjioBoro norpaHMHHoro cjioh Ha noBepxHocxii Ten t odxeicaeMHx 
noTOKOM iHflKoro ueiajuia. OflHaico sxox Mexo,n He cHHMaex Heodxo^Muo- 
cxh cnemia^BHoro nsymHHa fleflcTBaxeBBHoro cooxHomeHiifl uezny which- 
cmbhocthmm nepeHoca KOMnecTBa ADimeuna 11 xeruia. 

Ecjim npoaHaflH3MpoBaxb HweroiUHecH TeopenmecKiie peiiieiiMH, to odHa- 




Approved For Release 2009/08/19 : CIA-RDP88-00904R0001 001 20040-4 

- 6 - 

pyxHBaeTCfl, hto npw dojiBMx niic/iax Pe bjimhhc cnocoda 3a.ua him 

rpauMMHHX ycJioBMM (t^c o^t hjim OJ^-con^t' ) Ha Be- 

jiMMHHy Nu cTaHOBMTcfl Becbiia cJiadbiM. 

2. AHajins ontiTHHX jaHHtix no TenflooT^aMe 
b Tpydax 

B nacToamee Bpeufl onyd/imcoBaHO 3 HanwTexbnoe ko/ihmgctbo padoi 
no HCCJiG^OBaHHio Ten/iooTfla^iM npn tgmghmh kh^khx weTaMOB b ipydax. 
no^podHye o.d 3 opN otmx padoT mojkho homth b (II; 14; 15). Odpainaeica 
BHHuaHHe Ha BGCBMa 3aweTHoe pacxoac^eHHG oiihthhx ashhux, no/iynGH- 
hux pa 3 /iHHKHMM aBTopaMM. Tax HanpMMep, pa3dpoc onHTHbix Tonex xa- 
paKiepH3yeTCB nojiocoK, KOop,HHHaTbi BepxHcM h HHKHeM rpawmu KOTopoii 
B oo^aciH HMceji Pe> 100 MoryT dim BbipaEGHbi cJie^yDiUMMM nucJiaMn; 



Nu 

Pe 

200 

1^00 

10 000 

BepxHfla rpaHMua 

8 

13 

40 

IImehhh rpaHHua 

3 

6 

25 


Cae^eT odpaTHTB BHHMaHHe Ha to, hto b odjiaciH mojibix hhcgji Pe 
( < 100) b pfl^e caynaeB HadJno.na.nocB pe3Koe chmhghhg Teiuiooi.naHH 
(II; 14; 16), CBH 3 aHHoe no-BHflHMOMy KaK c yBejiHHHBaiomefiCfl po/ibio 

KOHTaKTHOI’O COnpOTMBJIGHHH, T3K M C B03MOKHUM B HGKCTOpblX CJiyHaflX 
HeTOHHbiM cnocodoM BbiHHCJiGHHfl pacHOTHOfi pa3H0CTH TGMnepaTyp 33 CHeT 
npGHedpGKeHHfl ocgbhmm noToxaMU Tenjia (17, 18). 

OnHTHbie juaHHbie yKa 3HBaiQT Ha Ha/iHHwe HeKOTopnx MHAHBHAya/ibHbix 
ocodeHHOCTeM b MexaHH3Me TGnjioodueHa k pa3MHHUM MeTajumnecKHM kiu- 
KOCTHM. B 03 MOEHO, HTO 3T0 OdCTOflTeJIbCTBO CBH33H0 C Teu HJIH HHbIM 
M6X3HH3M0M B3aHM0,H6J!CTBIM IIOTOKa H nOBepXHOCTH, npHB Offline TO K H3— 
MeHeHHKj TaK Ha3HBaeMOrO TGpMMHGCKOrO KOHTaKTHOrO COnpOTMBJieHHfl . 

HGKOTOpHMH 3 BT 0 paMH yKa 3 LIBaJI 0 CB H3 H3M6H6HIde BO BpGMGHM K03(p— 
(pMUHeHTa TGn^ooT,ii;aHH npn TeHeHMW b Tpydax obtgkthkm c bmhs u— BMCMy t 
(II, 14,16). Ha pile. 4 npnBe,neHH pe3yjibTaTti onHTOB no TeruiooTaane 
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k 3BieKTMqecK0uy cnjiaBy CBMHeu-BHc-Myx, noflyneHiibie b padoxax (1,19), 
a xarae IMpamuoBa h CyddoTiraa co cbhhijom. 3aMepn npoH3BO,piMCb 
noc/ie MHorwx mqcob padom ycTaHOBKH, Kor.ua nojiyneuHLie SHaneHMa o< 
b onpe^e^eHKOM Mepe cTadannsHpoBajiiicB, Kqk bm^ho m 3 rpa^Hica, nueei 
MecTo y^OBJieTBopMiejiBHoe coBna^eHMe pe3yjH>xaT0B pa3Hbix Mccjie^OBa- 
hhM. Ha 3 tom see rpaejpMiee HaHeceHa jihhhh, paccHKiaHHaa no HSJiosceHHoJi 
paHee cxeMe c nepeMeHHHM ren/ioBHM noAC/ioeM. PaccniixaHHaa KpHBaa n 
paccMaxpuBaeMHe onuime £aHHne xopouio coraacyioicH .npyr c ^pyrou. 

Heodxo^iiuo oTMexnTB, hto Bee oih oiihth npOBO^MHCB b TexHHwe— 
ckhx ycjxoBHax, Kor^a He npiiHMM3Jinc£ cnei^aHBHtie uepti .iyia ohhcikh 
xenaoHOciiTeaa h noBepxHOcxn HarpeBa. 

Harjia^Hoe npeflciaB^eHMe o bjihhhhh hhcxoih suyucoro MeTaaaa Ha 
Ten^ooT^any jo,aiox pe3ysitTaTLi onHiOB noKa3aHHbie Ha puc. 5, cocTaB- 
neHHOuy Ha ocHOBaHHH .naHHbix IfapMaaoBa, CyddOTHHa, CyBOj.OBa, TpoaHo- 
Ba,npOBO^HBIDHX OntJXH C OBTeKTHHeCKHta OHJiaBOM HaXpHfl C Ka^HCU B we# 
hhx xpydax. KaK bm^ho H3 pwcyHKa, nocae ohhctkm cimaBa cpMaBTpa- 
UHeii (30Ha A) KooepipwmieHT TeiuiooxjjaHH noBHiaaeica. nocae noBTopHO- 
ro 3arpa3HeHHH omcnam (30Ha B) KoaixpumieHT Tenaoox^&HH CHHxeaexca, 

B padoTe (20) dtiao 3aueyeH0, qxo c yBejumeHMeu BpeweHH padom 
ycxanoBKH Ten^oox^ana k Haipmo B03pacxaeT, AHaaorH^Hoe aBaeHHe 
MHoronpaTHO Hada^aaocb h b onuxax KwpMJL’iOBa , CyddoiMHa h TpoaHO- 
Ba co cnaaBOM Kaanii-HaipHii „ Pe3yaLiaxbi ^Byx cepafi onuxoB nocJie#!MX 
aBiopoB npHBe^eHH Ha pwc. 6. 

Ha phc. 7 npHBepteHH ontiiHLie ^aHHue no lenaooiAaqe k naipwio 
npn TeneHHH b ue^Hux h HHKeaeBHX xpydax, noayMeHHbie b CoBexcKOM 
Coio3e 3a nocaeAHHe ro^u, 

OnuiH (1,19) aaioT coBna^eHHe pe3yjiLiaioB. Pe3yabiaibi onuroB 
( 20 ) pacnojiaravxcfl necKOJitKo BMiue b odaacra Maaux HHcea p<= 

Ha^o oiueiHTB, mxo Bee sin oiihth npoBo#MMCB Ha ycxaHOBKax, He 
CHadseeHHK^ xojioahhmh aoBynncaMM. Pe3yai>iaiHi oiiiixob ItapnaaoBa, Cyd- 
doiHHa, CyBopona, TpoaHOBa, npoBe^eHHHX co cnaaBOM Haxpua c ica- 
jineM Ha yciaHOBKe,CHadEeHHoJi xoaoflHHMH aoByrnicauii (Koxopne odecne- 
HHBaHM co^epscauHe okkchob, He Bbixo.namee 3a Beann-dHy 0 , 003 £) pac- 
noaaraioTca Buine Bcex bxmx #aHHHX, Cxeua ycxaHOBKH, Ha KOxopoM 
npoBo^MHCB 3iH onbiTu, npHBejieHa Ha pile « 8. 
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JIoByiDKa am okmc;iob a pacTBopeiiHtix b cn/iaBe BemecTB, oxjiaima- 
nacb Ha 3 Toil ycxaHOBKe xamnuaM rojiyojiou. HHflMKaiop am onpe^ejieHMfl 
co^epscanaa KMCJiopo.ua b cnjiaBe padoiaji Ha upaHimne 3adacaHaH Me/ncax 
oiBepcxaa oKMcaaim npa cHaaceHaa TeMnepaiypu cnjiaBa ao xewnepaTypu 
HacH^e hhh ero OKMCJiaMa. 

Ko3#$aivieHT xeruio OT.ua aa on-pejtejuuca OAHOBpeueuiw no Henocpe,n~ 
CTBeHHowy H3uepeHHB Teimepaiyp ctohkm h Bhiqacjienwio ee BejiaaaHH Ha 
0CH0B8HHH H3MepeiiHoro nojia xeunepaxyp b xhakocth, hto npa ^ocTa- 
tomhom tohhocth M3MepeHHii no3Bo/ifleT onpexejiaTL BejianwHy xepuHHecKO* 
ro KOHTaKiHoro conpoiaBJieHafl Ha rpaHane M,jycocTi>-cxeHKa« CxeMa 
padonefi xpydH, BK/nona Miueii yMacxoK ra.npaB/iB4ecKoii cxadMM3aunn, 
noKa3aHa Ha pac. 9. * 

ConocxaBJieHHe HMejoinnxcH nydjiaKauaii hg no3BojifleT cocxaBMit nex~ 
KOTO 3aK^K3MeHHH 0 BJIH.HHHH AOdaBOK IlOBGpXHGCXHOaKTMBHLIX BeiHeCTB 
Ha xen^oox^aqy k wchm MeiajuiaM, OnHiH (19) c AOdaBxaMa MarHan k 
OB xeKTHKG CBHHei^-BHCMyT He npaBejia k 3aMeTHHM yxyHineHHflu t enjiox.ua - 
qH ’ C-ie^yex saMeiHTB, qxo b Hexoioptix aHniaficKiix a aMepaxaHCKax 
nydAiiicaijHflx oTMenaioTc.H xaxxe, xax aHajroranHLie, Tax a npoxaBonojioK- 
HHe pe3yxBTaxu (21, 22). IIo3iouy KOJianecTBe HHy io oneHicy axoro HBJie- 
hmh b HacTo/imee BpeMH He npeACTaBJiaeTCfl bo3mo2chhh cociaBMit. 

B cBexe B3 jioxghhhx 3kc nepaiue h Taji bhhx ashhbix am pacnexa cpeji- 
He2 Tenxoox^aHH k jichakhm MeiajuiaM, He no^BepraBMMCfl cnenaajiLHoa 
OHHcxxe, a npa xeneHim b lexHanecKax xpydax, c ynexoM hobhx ^a h hux 
no <J)M3HHecKMM cboMcibsu padonax cpe# (II), Moryx dun, pexoMeH^oBar- 
HH $opwy^H, npefluoseHHue b padoxax (I, 19) npa L/D > 30 a Re>10 4 


300 < Pe < 20000 Nu=3,3 + 0,014 Pe° ,S 

300 <Pe < 15000 |\J U = 5 + 0,0021 Pe 


M 


Ode tpopuyxLi flara npaKTanecKH OAHHaKOBbie pe3yjiBxaxn, ho BTopaa 
HecKOJiBKO npome .hjih pacnexoB, 

B odjiacTH MaJiHX nuceji Pe (80 < Pe < 300) Bnpe^B ao nojiyne- 
hmh dojiee no^podHHX ashhhx opaeHxapoBOHHiiiii pacnei ajw HH^eHepHtix 
nenea moecho Becxn (II, 19, 24) no tpopMyxe 


Nu^O,? Pe 


0,33 


/■H/ 


0 
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3ih qjopuyjiu c;ieAyex paccMaxpwBaiB KaK Aaomue hh;jchhm npe^ea no 
TenjiooT^ane k 2 cm,hkmm Mexannau. JIjiji noBepxHocxeii HarpeBa npn oxcyT- 
CTBHK TepMHMeCKOrO COnpOIHBaeHHfl Ha CTeHKe Vi BHCOKOii MMCIOXe EM^ICO- 
MeTajuiHHecKoro xeruiOHOc'.'Tejui, xen;ioox,naqa c5yp;e x Btuue paccnHiaHHOH 
no (popwynau (10) h (II). nonuxica yyeciB 3KcncpM!.-:eHia;a.Htiu nyiew 
BJiHflHKe TepiiHnecKoro conpoxMBJieHHH Ha xen/iooiAa^y dhuia c^enaHa b 
padoie (I). Oahqko HHeioiiiHxcfl ohuthux jw'hhhx ajih co3^aH m Ha^eKHtix 
pacneTHHX peKOLeHAflUHfi, yqnTHBaiomnx pa3MHHyio cxeneHB hhcioih ue- 
Ta;;jia h annapaxypn, eme He AOcxaionHO, 

3. IleKOTopue ocodeiiHocin TeruiooT.ua wh ripn 
BueniKeu odTeKaHHH ipyd kmakhm MerajuioM 

npn BHeuiHeLi odTeKaHHH riOBepxHociM xeiuioodneHa cpcAotf c hhchou 
P , t«l ToniiSHHa Ten^oBoro norpaHHHHoro cuion 6^ cxaHOBHxcfl cy- 
uiecTBeiiHO donBnie tojhihihh AMHaMnnecKoro norpaHHHHoro c/ioh . B 
cbh3h c 3THM npw pememiH ypaBHCHUii xennoBoro norpaHH^Horo cjiofi 
nenecoodpu3HO pas.ne^iiiB nocneAHMu Ha ABe odnacm: odnacTB, oxBa- 
neHHyio rKAPoAHHa.MiiqecKMHH b o 3 uy n e h hh mh j b Koxopoii Ha oxpe3Ke 0< 

<*^ <<S npoAOABHari cocxaBnaioinan Bexxopa cxopocxn ueHnexcn 
ot 0 ao cKopocui HeB 03 MymeHHoro noiorca W 0 h odjiacTB oxBaqeHHyio 
xenziOBHrtiH B 03 Liyine hhbuh Ha oxpe 3 ice < 5 7 <U<cT-p , r^e CKopocxB 

ocxaexcn nocxonHHOii h paBHOii \J ' 0 . 

CiHoiueHHe tojiiumh AMHaui'iiqecKoro h xennoBoro norpauMnnoro cnoeB 
Ha nnocKox nnaciMHe npn P^«I onpeAenaexcH ipopwynoH (II): 

2fV’ y 

S r P^ s {9x*i,s b f* ( iz / 

IlpH m-icnax Pi, >1 


— _ ~ p ^ */3 

<L ~ Py 
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ConociniBjieHHe pe 3 yaBTaT 0 B pacneTOB no othm ^Byw ipopiiyaau npn- 
Be,n;eno b cae,nyK)iue 2 Tad/nme. 



no dwie /I 2 / 0,395 



0,301 


0,369 


0,01 


0,147 


0,215 


0,005 


0,108 


0,171 


pacxo^enne b % |I 5 



HecMOTpa aa TaKoe 3 HaHHTeaBHoe B 3 anMHoe pacxo^eHHe, do/iee 
npociaa 3 aBHCHH 0 CTB ( 13 ) OKasLBaeTca Bno/we y^oBjieTBopiiTejiBHLiH 
npHOjiHKeHiieu ,pa BLumc/iemi k o aipd/n hh e h Ta TenaooT,naHH h npw HHc/iax 
P a l«I. Oto BHieKaeT H 3 Toro, mo mh JiaMUHapaoro norpanHHHoro 
cjioh Ha naacume (II) npn P*t« I 

Nu = iA6-4-\p e hi 


T&e b KanecTBe xapaKxepHoro jiH HeiiHoro pa3uepa npnnaia ;yraHa naaciM- 
hh Li. Paoxo^emie see BeaimiH , paccHHTaHHfcix c noMoHBio 

tpopuyji /I2/ h /I3/ b HHTepBa/ie MMcea P^ ot 0,05 ao 0,005, He 
npeBHuiaex 5£. 

Jl/ifl aodoBoh nacTH nonepenHoro odTeKaeuoro oanHOHHoro uh.hhh.h- 
pa 3aBHcnuocTB coxpaiweT tot &e b hr , ho MHOsme/iB nponopuHOHaatHo- 
cth HecKOJiBKO ii 3 LieHaeicii . II pii odieKaHMH BB 3 KMM noioKOM m npejuioao- 
seHHH noCTOBHCTBa ypOBHB TenaOOT^aHM 3a TOHKOii OTpHBa 3T0T UHO- 
KHTejib paBeH 0,8. 

IBucoKafl lenjionpoBo^HociB ueiaaaa npiiBO^HT k noBHiuenmo paBHO- 
uepHOcm pacnpeneaeHna TennooTaanK no nepaweipy Tpydu, ocodeHHo 
b kopmobo# od/iacTM odieKaHHa. AHaaorHHHHe .naunne nojiyneHH h rjir 
naKeTOB Tpyd (II, 23). 

Ilpn npOflOaBHOM OMBlBaHHH naKeTOB Tpyd TaKKe B03HMKaeT H3BeCT- 
Haa HepaBHouepHOciB pacnpe^eaeHHa TenaooT^aHH, od k v cJioBaeHHaa pa3- 
jihhhhmh GKopocTaMH Tenemw MeTaaaa b iuhpokhx h y3Knx odaacTax ues- 
ipydHoro npocipaHCTBa. HepaBHOMepHocTB oTBona Ten/ia c noBepxHocTH 
HHaiiH^poB ^oaEHa ymiTHBaiBCH npa pacneie hx BHyipeHHero xeunepaiyp- 
Horo noaa. 
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(KKaji/M^rpa,n.Mac) 

t (°c) 

R 0 >D m 


Kr Mac 


) d o 3 h a m e h h a 

- K03#nijHeHT TenjiooT.ua mh ; 

- reunepaiypa ; 

- BHyipeHHiifi pa^piyc h ^naMeip ipyda ; 

- jyiHHa rpydn hjih iwacTUHti ; 

- paccTOflHHe or cieHKM b rjiydb noioica ; 

- pacneTHafl TOJinwHa BB3Koro noac/ioa b TypdyjieHT- 
H0M HOTOKO } 

- pacqeiHaa TOjmiHHa TenjioBoro noac/ioa b Typdy- 
jieHTHOM noioKe ; 

- TOJiimaHa rK^po^HHaiflnecKoro norpamiMHoro cjioh; 

- TOJiiUHKa TenjioBoro norpamrMHoro cjioh ; 

- KOop®!HaTa, HanpaBaeHHafl b^ojib TeMemifl ; 

- K03#ni^eHT conpoTMBreHHfl ipeHHfl npH TeneHHH 
b Tpyde ; 

- OTHOineHHe K03<JxpnuHeHT0B nepeHOoa KOjnmecTsa 
jtBHEeHHfl h TeriJiOTH b TypdyjieHTHOM noioKe vBe- 
jiH^HHa odpaTHaa "TypdyjieHTHOMy" MMCJiy npaH^Jifl;; 

- njIOTHOCTB Cpe^CHJ 


Kr Mac 


- K03$CpHIJFeHT aHHaMHMeCKOfi BH3K0CTH ; 


y—— — H_ . 
P nac 


- KO3#0maeHT KHHeMaiwMecuoE bh3kocth ; 


- ycKopeHMe cmjih TaseciH ; 


KK 3 JI 

M.rpafl.Mac 

KK9JI 

Kr rpafl. 


- K 03 $$Hime-HT TenjionpoBOflHOCTH ; 


- y^ejiBHafl leiuioeiflcocTB ; 


3 C P Mac 


Kr Mac 


- K03$$HDtHe.Hi TeMnepaTyponpoBOAHOCTM 


- K03#HmieHi TypdyjieHTHO0 bh3K0cth; 
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•x KK8JI 

/ T 

u rpa^.^ac 

- K09#HUSieHi TypOyaeHTHoK Ten/ronpoBOAHOcm ; 

V/ M/Mac 

- CKOpOCTB TeMeHHfl noTOica J 

V* u/vac 

- "cKopocTb Kacaie/ibHoro HanpaxeHHa" (npa 

TeueHMH b TpycSe, Ha c TeHKC 


< 
ii ^ 
^1 

c*>)<kJ 

- (5e3pa3uepHoe paccToamie ot cieHEH ; 

N-f 

- qacao Hycceabia ; 

P'-J 

- qncao npaHATjifl ; 

Pe =a- 

- Macao IleKae ; 

Re = ^ 

- qacao PallHOJiB.Kca ; 

^ KK3JI 

- ii/iothoctb TeiMOBoro noTOKa Ha cieHKe ; 

% 2 
rqac 



- leunepaTypa c t emeu ; 

Hepia Haj5 dyKBOfi - 3 hbk ocpeAHeHHfl. 
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CpaBHemie pacnpe^e^eHHfi TeMnepaiyp,nojiyyeHHHX b ontixax 
co cn^aBOM Haipua-Kajiidfl c paccnuTaHHfeiMH. o - 9Kcnepn 

uesiayiBHue tomkh j — - packer no UapiHHejum ; — 

pac^ei no JIaiioHy * 
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a 



/°e 


Phc. 2. Pe3yjii>TaTN pacmeTOB 3aBHCHMociH micaa Nu ot micaa Pe 
npa MHonax Pt « 1 no cxeue c xenaoBtiM noxc/ioeM. 

A P*t =0,005 ; jj P^ =0,01 

0 P't. =0,02 ; □ P't =0,03 

ocpe^HADmaa icpuBaa 



Phc. 3. Pe3yai.xaTK pac^exoB 3aBHcnMocTH wacjia IMu ox micna Pf=> 

”° °“ Me ° ne P eMeHHoa no oe«SS rpyOu 

P% =0,005 ; Pr =0,02 ; P't. =0,03 
— - ocpejiHfljomafl KpHBafl 
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Phc. 4. Pe3yjn>Taiu ohhtob no Ten^ooT^a^e k ciuiaBy CBUHent-BHCuyi 
H K CBHHIty. 

• Pe-BL] - MuxeeBj EayM, BocKpeceHCKnMj ®e,nnH- 
a Bl „ 

V J CKHfi 

o P8-BI - BopamaHCKHK, KyTaTe.na l n3e ? iHeJUepuaHj 

HBameHKO 

x P0 - HdpamMOB, CyCGoTHH 

i - Pac'ieTHan KpHBaa c puc. 2 
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PHC. 5. BJIHflHHe MHCTOTH CIUiaBa HQTpHfi-KaJIMH H8 KOB^XpHUHeHT TeiUIO 
OT^a^lH 

A - o^HCTica Meiajuia c noMomtD xo.ho.heq 2 jioBymKH ; 

B - .HodaBJieHiie MeTajuia, 3arpa3HeHHoro OKHCJiaun 
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Pac. 6. W3MeHeHHe KoaiJxJaijaeHTa lenaooT.na'ia k cnaaBy HaTpjiii— Kaaaj 
bo BpeweHH. 

Nu - 3HayeHne icpaxepaa HycceaBTa, nojiy^eHHoe b ontiTi 
Nu c - SHa^eHae icpaiepaa HycceaBia, paccMaiaHHoe no 
$opMyae : Nu 0 =7+0,025 Pe 0,J ; 

• - nepBaa cepaa onuioB ; 

* - BTopaa cepaa oiujtob ; 

« - OKacJieHHaa noBepxHOCTB 
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s ( a to i i v s e o /o* a 3 v s e Pf> 


Phc. 7. OriHTHHe ^aHHbie no TenjfiooT.ua ne k cunaBy HaipaK-Ka^nfl h 

HaipMK. o NqK 7 a Nq - MnxeeB, $e^HHCKnfi, JjepjorHH (18). 

a No - EopnmaHCKHii, Kyiaiew3e, MHemepwaH (19); 
pl/a Hobhkob* CojioBLeii. XadaKnaiueBa (20); . - Khdhmob. 

CyOOOTHH, CyBOpOB, TpOHHOB ' 
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Phc. 8. 5U?Jg,yciaH0BKH jjfl Hsy^HHa leiwooijWMH k cnjiaBy HaxpHti- 
KOHM. l - B^eKTpouarHHTHUM Hecoc ; 2 - Osk Hacoca : 3 - 3 K- 
cnepMMeHTajBHu2 yqaciOK ; 4 - xojiommhmk ; 5 - Mepanii dan; 

6 - xo^o,flHafl jioByniKa; 7 - KomeHcaiop napa Tojiycwa ; 

Fn” HH^HKaTOpa OKMCJIOB J 9 - HH.HHK8T0P OKilCilOB * 

f z s %™ZnT Q ™ 0T0 yp0 * Hfl BWJ *■ cel ^THfi ILbJp; ’ 
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Pmc. 9. Cxeua 9KcnepnMeHTaji£Horo yqacuca h nepe^BHKHoM TepMonapti.' 

I - Tpyda ; 2 - HarpeBaTe^B ; 3 - TepMonapa, H 3 Mepfl»maH Teu- 
nepaTypy 3kh,p:ocxm Ha Bxo^e ; 4 - xepMonapa, H3MepflKinafl Teu- 
nepaiypy makocth Ha BLixo^e ; 5 - HH^HKaTop nepeMemeHun ne- 
pe^BHKHoM Tepwonapu; 6 - bmht, nepeMemaiomHii TepMonapy ; 

7 - chjib(|)oh; 8 - mapHHp; 9 - nepe^BHEHaH Tepuonapa ; 

10 - cjioJl okmch ajimiHHHH ; II - TepMonapa b cxeHKe TpydH; 
12 - cTeHKa TpydH ; 13 - kjihh am 3aHeKaHKH TepMonapti $ 

14 - BHyTpeHHuM c;iofl Ten^OBoK moJiawiA ; 15 - Ten^ouepu ; 

16 - HapyHHuM cjioii leiuiOBoS h3o^hb,hm 


* 
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